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EPIDEMIOLOGIC STUDIES IN WHOOPING COUGH*
C. E. CULOTTA, DEWITT DOMINICK, AND E. R. HARRISON
Three epidemiologic studies in whooping cough are presented in
this report. The first is a family study of whooping cough in
children between the ages of 5 and 8 years; the second is a study of
whooping cough in a rural school, consisting of children in a similar
age group; and the third is a survey of whooping cough in a day
nursery.
Methods
The following procedures were employed in the three studies:
(I) Cases of diagnosed or suspected whooping cough reported by the
New Haven Hospital Dispensary or, occasionally, by the local
health department or by practitioners were investigated. (2) The
families of the diagnosed cases were seen and cough-plates were
made from each member of the family. (3) Answers to specific
questions pertaining to the present and past histories of each member
of the respective families were recorded, particular attention being
given to upper respiratory infections. (4) Subsequent cough-plates
were obtained from all cases when indicated. (5) The course of
the disease in each case was recorded.
The cough-plate medium used was essentially that recom-
mended by Gardner and Leslie.4 This medium is similar to that
described by Bordet-Gengou, with the Danish and English modi-
fications. The usual cough-plate method was employed, and the
technic for identification of the organism was that described in a
previous paper.3 Negative cough-plates did not rule out a diagnosis
of whooping cough, for clinical observations and the history of the
disease were taken into consideration. The majority of the cases in
the family study were not seen until between the third and sixth
weeks of the disease, the diagnosis having been made late in the
course of the illness. As many observers2' '4,'8 have noted, it
becomes increasingly difficult to obtain H. pert-ussis by the cough-
droplet method after the third week of the disease.
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FAMILY STUDIES
During the four-year period, 1932-1936, whooping cough was
observed in over 150 families in New Haven and vicinity and a total
of 325 cases had come under observation. However, data on only
19 families, which were followed closely over a period of a single
year (1932), will be presented in detail in this report. In these 19
families there were 28 individuals who were within the age group of
S to 8 years, although these families had an average of 1.35 other
siblings ranging in age from 3 weeks to 10 years. The cases falling
within the S to 8-year group are stressed in order to compare the
TABLE 1
STUDIES OF WHOOPING COUGH IN FAMILIES
Family Case
1 R.J.
2 K.M.
E.M.
3 J.T.
E.T.
4 rSM.H. P.H.
5 R.M.
B.M.
6 J.M.
7 A.T.
R.T.
8 N.M.
|L.M.
9 F.O.
[M.D.
10 C.D.
G.D.
1 1 M.S.
J.S.
12 J.M.
13 W.B.
14 F.M.
15 A.C.
16 J.B.
17 H.B.
18 A.J.
19 B.A.
Age
6
7
6
7
6
8
6
7
5
5
6
5
8
5
6
8
7
5
7
5
5
5
6
6
6
7
5
5
28 children, 28 cases of wh
r,. Results ofcough-plates in week ofillness--..
2nd 3rd 4th 5th 6th
...... ...... neg neg ......
...... neg neg ...... ......
...... neg neg ...... ......
...... neg neg ...... ......
...... neg neg ...... ......
...... neg ...... neg neg
...... neg ...... neg neg
neg ; ...... ...... neg
...... ...... neg ...... neg
pos pos neg ...... ......
neg neg neg neg ......
...... ...... neg ...... ......
neg neg neg neg ......
pOS neg neg ...... ......
...... pos ...... ...... ......
...... ...... ...... neg ......
...... ...... ...... ...... neg
...... ...... ...... neg ......
...... ...... ...... neg ......
...... ...... neg ...... ......
...... pos ...... neg ......
...... pos pos ...... .....
pos pos neg ...... ......
pos pCs ...... ....... .....
poe pos neg ...... .....
...... ...... neg ...... ......
...... ...... neg neg ......
...... ...... neg ...... ......
Looping cough; cough-plates pos., 13; neg., 43.EPIDEMIOLOGY OF WHOOPING COUGH
morbidity of the disease in the family with that of a similar age
group in which exposure occurred at school.
Table 1 shows that in the 19 families there were 28 susceptible
children having no prior history of whooping cough, all of whom
developed the disease, a morbidity of 100 per cent. There were
no deaths in this small series, the disease being exceedingly mild in
this older age group. The chart records the results of the cough-
plates, as positive or negative, with reference to the week of
illness. A total of 56 plates were taken; 13 being positive, 43
negative. All children susceptible in all age groups of these 19
families also contracted the disease. This high infectiousness in the
family group is important to note, since in the subsequent school
study the results were strikingly different.
Carriers in Family Study
It is of interest that no healthy carriers of H. pertussis were
encountered in these family studies or, at least, they were not de-
tected by means of the cough-plate method. In the entire series
of 325 cases only one possible second attack of the disease was noted
-a girl of 11 years, who gave an accurate history of mild whooping
cough at 5 years of age, had a second mild attack with two positive
plates. Two mothers in this family series contracted whooping
cough, this being their first attack of the disease. There were three
families in the total of 150 in which the infectivity was not 100 per
cent. These were families of professional people; there were two
susceptible children in each of two and three in the third family.
Only one case of definite pertussis occurred in each family, the
other susceptible children remaining free of symptoms and having
negative cough-plates, although no intensive isolation precautions
were carried out and no immunizing procedures were done.
Reports by different observers vary on the infectivity of whoop-
ing cough in families. In a series of 92 families Luttinger7 was
impressed by the percentage of natural immunes, there being 29.3
per cent of the supposedly susceptible children who failed to con-
tract the disease. However, he adds that this percentage of natural
immunes is obviously high, since a past history of a mild cough with
vomiting could be obtained in the majority and since a certain
number might also be exduded because of slight contact with those
infected or absence from home during the attack. The variable
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course of pertussis is well recognized and that some mild cases may
escape dinical diagnosis is probable. Comparable observations were
made byVon Sholly et al.9 Theystate that of 700 exposed children
in 243 families 174, or 24.8 per cent, escaped infection, but no men-
tion is made as to whether all of these 700 children were considered
susceptible to whooping cough. In discussing the infectivity of
whooping cough in families Kelly and Reite6 record a secondary
attack rate (percentage of susceptibles who developed disease) of
only 40.9 per cent. Since their susceptible group induded adults,
these figures are probably not significant because a high percentage
ofthese adults may well have had pertussis.
The results of our family studies on whooping cough show that
infectivity of susceptible children in home exposures is exceedingly
high, almost 100 per cent, not unlike that of measles. It is possible,
as Karelitz and Shick5 have pointed out for measles, that susceptible
children in well-to-do homes may occasionally escape infection
because of less intimate contact as compared to those of homes
where hygiene is poor. We have observed an instance where a
newborn child in an infected household escaped infection due to the
extreme precautions observed by the mother to prevent exposure.
It is not unlikely that a natural immunity to whooping cough may
sometimes occur, but it is probably quite rare. Also rare, in our
opinion, are unquestionable second attacks of pertussis.
WHOOPING COUGH IN A SCHOOL
ThesecondstudywasmadeinagrammarschoolinHamden, Con-
necticut. The method here was slightly different from that used in
the family studies just reported. Although some of the families
ofthe individual members ofthe school were seen, most of the neces-
sary information was obtained by a questionnaire and from the
teacher responsible at each weekly visit to the school. The families
of the children from whom positive plates were obtained or in whose
children whooping cough was diagnosed were further investigated.
All of these children were included in the previous family study.
The Dunbar School in Hamden is a frame schoolhouse in which
there are three classrooms. The children of the school are fairly
equally divided into three groups according to age and classes.
There were 66 children studied in the Dunbar School, but this num-
ber became limited subsequently to 23, all in one classroom. The
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limitation was made because the children in this classroom were in
the S to 8-year age group (a group comparable to the family group)
and because three cases of whooping cough developed in this room.
Table 2 shows the essential points found in the studies made at
the Dunbar School. It will be noted that there were 23 children
in the classroom; of these, 15 were susceptible to whooping cough,
none of them having a history of the disease. The remaining eight
TABLE 2
WHOOPING COUGH AT DUNBAR SCHOOL (1932)
12 20 7 15 23 26 5 10 18 22 30 6 16
Case Age Sept. Sept. Oct. Oct. Oct. Oct. Nov. Nov. Nov. Nov. Nov. Dec. Dec.
SUSCEPTIBLE
1P.H. 5.
2R.M. 7.
3J.M. 5.
4C.D. 6.
5 R.D. 5.
6 E.G. 6Y2.
7L.C. 5.
8 C.L. 6.
9J.K. 8.
ioF.R. 6.
1i1 E.G. 5.
12M.C. 7.
13 L.M. 8.
14E.M. 6.
15 DXF. 8.
IMMUNE
16L.J. 8.
17M.R. 7.
18 E.M. 7.
19A.C. 8.
20J.C. 8.
21 L.J. 6.
22 S.C. 6.
23 L.K. 5.
neg
neg
......
......
neg
......
neg
......
......
neg
......
......
neg
......
neg
neg
......
neg
......
Cough-plate tests...........9
Susceptible = no history of pertussis
Immune = history of pertussis
-_ whooping cough
neg abs
abs abs
pos pos
neg neg
neg neg
neg neg
neg neg
neg neg
neg - neg
abs abs
neg neg
neg neg
neg neg
neg neg
neg neg
neg
neg
neg
abs
neg
abs
neg
neg
19
neg
neg
abs
neg
neg
abs
neg
neg
18
neg neg neg
abs abs neg
abs abs abs
neg neg neg
neg neg neg
neg neg neg
neg neg neg
neg neg abs
neg neg neg
neg neg neg
neg neg neg
neg neg neg
abs neg neg
neg abs neg
neg neg neg
neg neg neg
abs neg neg
neg neg neg
neg neg neg
neg neg neg
neg neg neg
neg neg neg
neg neg neg
19 20 22
abs = absent from school
Total cough-plates = 107
Cough-plates pos., 2; neg., 105
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children were considered to be immune, since all had a definite his-
tory of whooping cough. Three of the 15 susceptible children
(P.H., R.M. and J.M.) developed whooping cough. The onset
of the disease in all the children is definitely known. The first
child, P.H., was the second in a family of three children, all of
whom developed whooping cough. The second child, R.M., was
one of a family of five children, all of whom contracted the disease.
The third child was J.M., the youngest of a family of two children,
both of whom were susceptible and contracted whooping cough.
Therefore, all susceptible members of the three families contracted
the disease.
There were 12 susceptible children in the schoolroom who did
not contract whooping cough, although exposed to the disease. Two
of the three children with whooping cough were in the schoolroom
during the early catarrhal, the active, and the beginning convalescent
stages. One of the three children with whooping cough was in
school during the first three weeks of the disease. No isolation
technic was maintained between the three infected and the 20 non-
infected children. Cough-plates were obtained from all children
and from the teacher during the weeks in which the three infected
children were attending school and for three weeks after these chil-
dren had left school. There were 107 cough-plates made; only
2 were positive. Both were obtained from J.M. during the second
and third weeks of the disease. Therefore, although the remaining
12 susceptible children in the classroom were exposed to whooping
cough by the three infected children during the catarrhal and active
stages of the infection, none gave positive cough-plates or showed
dinical signs. It was found by further study of the families of
the three children who had whooping cough that: (1) P.H. was the
second in her family to develop the disease, the cough starting 10
days later than that of her younger brother. (2) R.M. in the
second family, the first of all children in the schoolroom to have
whooping cough, was exposed to the disease by two younger cousins
with whom contact had been close prior to September 12, 1932.
Both cousins were in the early active stages ofwhoopingcough atthat
time. Subsequently, R.M.'s four brothers and sisters developed
whooping cough. (3) J.M., the third child listed, showed clinical
signs ofwhooping cough ten days after his elder brother had showed
signs of the disease. (4) None of the other children of these three
families was in this classroom.
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It appears, therefore, that all three children derived their infec-
tion outside of the classroom; certainly R.M. did, and there is sus-
picion that R.M. and J.M. were infected by brothers or sisters.
A careful follow-up study of the 12 susceptible children in the
classroom was made at 18 months and again 4Y2 years after the
initial study. None of the 12 children had contracted whooping
cough during this period, but investigation showed that they had not
been re-exposed. No further outbreaks of whooping cough have
occurred in this rural school during this period.
WHOOPING COUGH IN A DAY NURSERY
This last study deals with an outbreak of pertussis in a day
nursery situated in a congested, poorer section of New Haven. The
children under care are between the ages of 10 months and 8 years.
They consist of five groups: (1) Infants of 10 months to 2 years;
(2) a runabout group (2 to 3 years); (3) a pre-school group (3 to
4 years); (4) a kindergarten (5 to 6 years); and (5) a school
group (6 to 8 years). The first two groups are kept in separate
rooms free of contact with the older children of the nursery, but
contact is possible when they go to and from the nursery and when
at home (brothers and sisters). Within each group, however, the
contact is close and intimate, the runabout group being not unlike
conditions in a family.
This study began on November 15, 1935, and ended April 21,
1936. The plan was to observe the epidemiology of the disease in
the nurseryand toafford definite cases for further study in the home.
Cough-plates were obtained twice weekly on all children during the
first two months of the study and once weekly thereafter. As soon
as a definite diagnosis was established in a given case, the child
(together with any susceptible home contact) was excluded from
the nursery. This study differed from the school survey in that
the nursery groups received mixed pertussis vaccine (Lilly) in large
doses from November 26 through December 13. Six injections
were given at intervals of from two to five days. The local board
of health epidemiologist deemed it advisable to carry out this pro-
cedure. No controls wereemployed. This added factorwill prove
of interest when compared with the results of the school study in
which no immunization procedure was adopted.
There were 61 children in the nursery at the time of the first
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case of whooping cough. The past histories revealed that of these,
22 had previously had pertussis, 39 had not. The first case
occurred in the latter part of October, 1935, and the last case about
the 5th of December, 1935. A total of 10 cases of whooping cough
developed during this six-week period, the cases occurring in three
outbreaks at intervals of about 10 to 14 days. Table 3 presents the
course of events.
TABLE 3
WHOOPING COUGH IN A DAY NURSERY
Developed
No. of Pertussis Cough-Plate
Group Age Children No. %o Positive
I Infants-10 mo. to 2 years Susceptible 10 0 0 0
Immune 0 0 0 0
2 Runabouts-2-3 years Susceptible 8 8 100 6
Immune 1 0 No C.P. taken
on 2 cases
3 Pre-school 3-4 years . Susceptible 11 2 18 2
Immune 3 0 0 0
4 Kindergarten-5-6 years.. Susceptible 7 0 0 0
Immune 5 0 0 0
5 School-6-8 years ............ Susceptible 3 0 0 0
Immune 13 0 0 0
The first case of pertussis occurred in the runabout group. The
probable sequence of events in this group is illustrated in the follow-
ing table:
TABLE 4
EPIDEMIOLOGY OF WHOOPING COUGH IN RUNABOUT GROUP
Name Sex Onsetof Cough Cough-Plates Positive
A.G. F ? Oct. 15 Nonetaken
C.K. F ?Nov. 1 11-15
D.M. F ? Nov. 1 11-19
E.C. M ?Nov. 1 11-19
C.P. F ? Nov. 18 12-5
E.P. F ? Nov. 12 12-5
L.N. F ? Nov. 22 12-5
L.Z. F Sent Home on None taken
Nov. 18
In this group all eight children with a negative past history
developed whooping cough. The other child, with a previous his-EPIDEMIOLOGY OF WHOOPING COUJGH
tory of whooping cough, remained symptom-free throughout with
repeated negative cough-plates. The exact onset of the disease was
difficult to ascertain, the dates given in the chart are approximate.
Three cases yielded positive plates on the first two visits. Cough-
plates were niegative in the next three children on three subsequent
visits, November 20, 23, and 26, and then positive on December 5.
The chart shows the periodic outbreaks of the disease. The last
child, L.Z., was sent home on November 18 because her sister, M.Z.,
in the pre-school group, was diagnosed as having pertussis at that
time. L.Z. developed pertussis at home on December 5, presum-
ably from contact with her sister.
In the pre-school group only 2 cases of pertussis occurred; both
were diagnosed early and immediately exduded from the group.
There are three possible explanations for the low morbidity in this
group: (1) inaccurate past histories, (2) protection through vaccina-
tion, (3) prevention of repeated exposure by early diagnosis and
exclusion of activre cases. On the basis of our previous experience
the last factor is probably the most important. In comparing the
morbidity in the school group with that in the nursery some correla-
tion is found, as is evident in the following table.
TABLE 5
COMPARISON OF STUDIES
Dveloped
No. of Children r-Pertussis-,
Year Group Susceptible No. so
1932 School 15 3 20
1935 Nursery 39 10 26
1932 Family 28 28 100
The results emphasize the well-known observation that intimate
and repeated exposure is an important factor in the morbidity of
whooping cough. This is an exceedingly important factor to con-
sider in evaluating results following the use of any prophylactic
procedure. It is obvious that the family contacts afford the most
rigorous test of the efficacy of any prophylactic measure.
Carriers in The Nursery
Ofthe 497 cough-plates exposed during the study, 15 were posi-
tive. These were obtained from the active whooping cough case6
only. No healthy carrier of H. pertussis was found. The litera-
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ture of the existence of healthy carriers has been admirably reviewed
by Burroughs and Kline.' They state that, "In the literature of
recent years there are many divergent opinions as to the role and
existence of carriers in whooping cough." In an extensive epidemi-
ologic field-study of an outbreak of pertussis in a rural area, these
authors demonstrated four healthy carriers of H. pertussis among
persons not subsequently attacked by the disease. These carrier
cough-plates showed only one colony of H. pertussis on each plate
and no mention is made of identification of the organism. They
state that healthy carriers in whooping cough may occur, but are
probably of little consequence in the spread of the disease.
Discussion
The literature offers little information concerning the morbidity
of outbreaks of whooping cough in schools or similar groups. Lut-
tinger7 very briefly discusses this fact. In 1916, upon the basis of
2310 cases of pertussis studied epidemiologically, he stated that the
source of infection in 146 cases (7 per cent) was believed to be
exposure at school. He offers no further explanation of these
figures.
The results of these three studies clearly show that the mor-
bidity from whooping cough is directly proportional to the intimacy
and frequencyofexposure. In the family and in the runabout nurs-
ery group comparable environmental factors exist. The children
eat, play, and sleep in close quarters; consequently the high mor-
bidity is not surprising. In the nursery runabout group, there were,
when the study began, at least four active cases of pertussis and the
remaining four had been thoroughly exposed, so that isolation of
the contacts would not have mattered. The low morbidity in the
pre-school nursery group is interesting, for although close contact
existed here only two of the 11 susceptibles contracted the disease, a
morbidity of 18 per cent, which is comparable to that in the Dunbar
school, which was 20 per cent. A plausible explanation for this low
morbidity is that early diagnosis and removal of these active cases
from the group prevented repeated exposure to the disease. It is
unlikely that the vaccine played any role in protection of the suscep-
tible children, although such aconclusion could be very easily drawn.
Reports from institutions on the successful prophylaxis against
whooping cough by inoculation with vaccines are not usual. Critical
analysis of the results in such institutional studies does not warrant
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enthusiastic support. Karelitz and Schick5 have shown that hospital
and institutional wards are usually inadequate for study of measles
prophylaxis, and this may be equally true of pertussis prophylaxis
because of the uncertainty and the difference of the intensity and
duration of exposure of susceptible children.
It is significant that furtherstudy ofthepre-school group showed
that three children who had received inoculation during this study
and had escaped infection developed whooping cough during their
stay at a summer camp seven months later.
This study emphasizes the importance of controls in the evalua-
tion of any protective measure that may be employed. Although
infection may occasionally occur following a brief casual exposure,
this is usually not the rule. However, the more frequent and inti-
mate the exposure, particularly indoors, the more likely is infection
to occur.
Summary
Three epidemiologic studies in whooping cough are presented,-
a surveyof 19 families, an outbreak in a schoolroom, and an outbreak
in a day nursery. The following observations were noted:
1. High morbidity of whooping cough in susceptible children in
the family.
2. Comparatively low morbidity of whooping cough in a school
and a nursery.
These observations justify the conclusion that morbidity from
whooping cough depends primarily on repeated intimate exposure.
Furthermore, in the evaluation of prophylactic procedures against
the disease this important epidemIologic factor should be carefully
considered.
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